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$f(c, x, t)$ $x=$ ( $x,$ $y$ , z) $t$
$c=(c_{x’ y}C$ , c $F$ Boltzmann
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$\frac{\partial f}{\partial t}+c\frac{\partial f}{\partial x}+F\frac{\partial f}{\partial c}=\frac{\partial_{\mathrm{e}}f}{\partial t}$ (1)
\Delta t
$f(c, x+c \triangle t,t+\triangle t)-f(c, x,t)=\triangle t\frac{\partial_{\mathrm{e}}f}{\partial t}$, (2)
(2) $x+c\triangle i-X$
$f(c, x, t+ \triangle t)=f(c, x-c\triangle t,t)+\triangle t\frac{\partial_{\mathrm{e}}f}{\partial t}$ (3)
$t$ $t+\triangle t$
$\text{ _{ } ^{}p\mathrm{t}}*^{\mathrm{r}}\text{ }\frac{\partial_{\mathrm{e}}f}{\partial t}$ BGK BGK




$\nu$ $=$ $\frac{1}{\mu}p$ , (collision frequncy, $\mu$ : ), $f_{0}= \frac{\rho}{(2\pi RT)^{n/2}}e^{-C^{2}/2RT}$ ,
$C$ $=$ c-u, $C=|C|,$ $\rho=\rho(x,t)=\int fdc,$ $u=u(x, t)= \frac{\perp}{\rho}\int$ cfdc,
$T$ $=$ $T(x, t)= \frac{1}{\rho}I\frac{2}{n}c^{2}fd\mathrm{c}$.
$\mathrm{n}=2,3$ 2 (Coplanar) $\text{ }3$
3 Taylor-Green
3 Taylor-Green DNS
$u_{\text{ }}=(u_{\mathit{0}}0, v_{0\mathit{0}}, w\mathit{0}0)_{\text{ }}\rho 00\text{ }$ Too
Maxwell $f_{00}$ $f$ $f(C, X, 0)=f_{\mathit{0}0}$
$f_{00}$ $=$ $\frac{\rho_{00}}{(\pi T_{00})^{3}/2}e^{-C^{2}/00}T$ , $C=c-u_{\mathrm{o}}\mathrm{o}$ ’
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$u_{00}$ $=$ $A\mathrm{c}\mathrm{o}\mathrm{s}‘ 2_{TX}\sin 2\pi y\sin 2\pi \mathcal{Z}$ ,
$V_{00}$ $=$ $B\sin 2\pi x\cos 2\pi y\sin 2\pi Z$ ,
woo $=$ $C\sin 2\pi X\sin 2\pi y\cos 2\pi z$ , (4)
$\rho_{00}$ $=$ $1+D\sin 2\pi X\sin 2\pi y\sin 2\pi z$ ,
$T_{00}$ $=$ $1+E\cos 2\pi X\cos 2\pi y\cos 2\pi z$ .
$A,$ $B,$ $\ldots,E$ $(0\leq x, y, z\leq 1)$
$F(x, y, z)$





$Kn=0.\mathrm{o}1$ 2 Taylor-Green BGK
Navier-Stokes 1 $[3, 4]$ BGK
Navier-Stokes – $k$ -
3 2
2 . 3 Taylor-Green
3 Taylor-Green
(5) $t=0$ (4)
(3) \triangle t $A=0.5,$ $B=c=-\mathrm{o}.2,$ $D=E=0.\mathrm{O}1$
$I\mathrm{f}_{n}=0.1$ $x$ $25\cross 25\cross 25$ $c$ -4 $\leq$ $c_{x},$ $c_{y},$ $CZ\leq 4$ $8\cross 8\cross 8$
2 $t=0.\mathrm{O}- \mathrm{o}.7$ ( $\mathrm{i}.\mathrm{s}.=\mathrm{i}_{\mathrm{S}}\mathrm{o}$ surface)
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$(t=0.25)\text{ _{}-}\text{ }$ $(t=0.\mathrm{s}, \mathrm{o}.7)$ \langle
$t=0.5$
eddy-shocklet
3 $E(k)\text{ }- 5/3$
3 $Kn=0.1(\triangleright$
$Re=10$) k -5/3
(a) Density contour at $\mathrm{t}=0$ (c) Denslty contour at $\mathrm{t}=\cup.1,\perp \mathrm{t}\mathrm{a}\mathrm{v}\mathrm{l}\mathrm{e}\mathrm{r}-\mathrm{o}\mathrm{L}\mathrm{O}\kappa \mathrm{e}\mathrm{S}$
(b) Density contour at $\mathrm{t}=0.1$ , BGK (d) Energy spectrum
1: 2 Taylor-Green
( : $\mathrm{s}\mathrm{u}\mathrm{b}\mathrm{s}\mathrm{o}\mathrm{n}\mathrm{i}\mathrm{C}_{\text{ }}\mathrm{K}\mathrm{n}=0.\mathrm{O}\iota$ )
216
Taylor-Green [5]
harmonics $- 5/3$ Koromogoroff
-5/3 [6]
[7]
$A_{ij}$ 3 \mbox{\boldmath $\lambda$} 3
$\lambda^{3}+P\lambda^{2}+Q\lambda+R=0$ (6)
\={o} $P_{\text{ }}Q_{\text{ }}R$
$P=-traCe[A]$ , $Q= \frac{1}{2}(P^{2}-t_{\Gamma}ac[A2])$ , $R=-det[A]$
3 2 1
( $(\mathrm{a})$ ) 2 1 (
$(\mathrm{b}))$ 3 ( $(\mathrm{c})$ )
4 $t=0.5$ $z=0.5$ $|\omega|$
-
5 $t=0.5,0.7$ $Q-R$ $($ $5(\mathrm{a}), (\mathrm{b}))_{\text{ }}$
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